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 Introduction, research at the Helmholtz Association in Germany 
 Role of scientific data in the research process
 Importance of software in the field of „Open Science“
 Organization structures to meet the challenges 
 Tasks and challenges for libraries and data center
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Helmholtz Association Germany– Facts and Figures
 With 18 scientific-technical and medical-biological research centers 
the Helmholtz Association is the largest scientific organization in 
Germany.
 Staff > 38.000 people
 15.000 scientists & engineers
 8.000 PhD students
 1.500 vocational trainees
 Budget 2016: ~4 billion €
 2/3 as institutional funding (90% federal, 10% local)
 1/3 as third-party funding
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 Member of the Helmholtz Association
 Foundation 01.01.1992
 Employees approx. 1.100
including about 350 scientists 
+ 150 doctoral students
as well as employees and guest 
scientists from more than 
50 countries
 Research Sites
DRESDEN
Leipzig, Freiberg, Hamburg
Grenoble (France)
Helmholtz Centre Dresden-Rossendorf (Germany)
Images: 1. HZDR Entrance Building | Cyclotron at the HZDR Research Site 
Leipzig | 3. European Synchrotron Radiation Facility in Grenoble
Credits: Killig, Schmidtfoto, ESRF/Ginter
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HZDR Research Programs
Images: 1. At the TOPFLOW Facility | 2. PET/MRI-Full-Body Scan 
Tomograph | 3. Ion Beam Center
ENERGY
 Energy Efficiency, Materials and 
Resources
 Storage and Linked Infrastructures
 Nuclear Waste Management, Safety and 
Radiation Research
HEALTH 
 Cancer Research
MATTER
 From Matter to Materials and Life
 Matter and Technologies
Credits: Weisflog, Bierstedt, Rietschel
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Changes in the paradigm of science
 A thousand years ago:
Science was empirical and described essentially natural phenomena
 In the last few hundred years:
A theoretical branch with models and generalizations emerged
 In the last decades:
The numerical, computer-based simulation of complex 
phenomena was developed
 Today: 
Science uses data exploration (eScience) to unify theory, 
experiment and simulation, data is collected by instruments or 
simulation, and processed by software, scientists analyze huge 
amounts of data using statistics, correlation, heuristics and 
machine learning
Image: Atlas Detector of the LHC at CERN in Geneva  
Credits: CERN
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Components of modern Open Science Publications
Publications-
Management
DOI, 
Metadata
Scientific 
Results
Data
Software
Authors
Publication
Publishers
Image: Components of Publications
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Publication Management   
 Central publication database (developed by HZDR)
 Fully integrated in the information system of the HZDR
 Workflows for quality assurance and approval 
 Open Access Administration and funding
 Assertive check of patent relevance
Research Data Management:
 HZDR Digital Object Repository (RoDaRe)
 Data Archiving
 Quality assurance, metadata support
 DOI and ORCiD management
Library Services
 Open Science information and consultation
 Investigations on publications
 Copyright and license consultation
 Bibliometric and statistic
 Training and workshops
Scientific Publishing @HZDR
credits: University of Tartu Library, Estonia
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Data Archiving as part of the publication process
• Data Management integrated in 
the Publication Process 
• 2016: for ~30% of all publications
Research Data has been archived
• Often Data has been archived in 
external Repositories 
 Since 2014 ~1 Petabyte of 
Research Data has been 
archived @HZDR
Research Data Management
Data Sources for Publications
• Large research facilities at HZDR
• Data of scientific projects
• External data sources  
Image: HZDR Publications with Data Archive 2014-2017
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Image recording for ultrafast X-ray tomography
Task: 3D-Reconstruction and partial evaluation of 
the image data in real-time (8.000 images per sec.)
-> Data throughput 2,5 GB/s and 200 TB/a volume
Solution: Parallel High Performance Computing on 
GPU and optimization of the code, network and file
system architecture
Result: Performance increase by factor > 600, 
Real-time processing is now possible and opens up 
new possibilities for experimentation
Research Data Management (example)
Reference: Frust, T.; Wagner, M.; Stephan, J.; Juckeland, G.; 
Bieberle, A.:Rapid Data Processing for Ultrafast X-Ray Computed
Tomography Using Scalable and Modular CUDA based Pipelines; 
Computer Physics Communications (2017)
Image: HZDR ROFEX scanner and 
parallel data processing
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Infrastructure for the Data Management and Data Publication
Research Data Management
Data Management Platform
Long-term 
Archiv
(~10 PB)
Object Store (~4 PB)
Up to 50 GB/s
HPC Cluster
Web User Interface for Interaction
Research Data
Image: HZDR Data Management and Data Publication
Data Publication Platform
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Scientific Software plays a prominent role in the Research Process:
• Software is a tool in the process of the generation of knowledge and the 
prerequisite for the traceability of the (published) results.
• Software, especially source code as well as applications, is often itself a 
result that has to be published, used and maintained in the long term.
Role of Scientific Software in Research
Scientific software causes very high costs by:
• Expenses for acquiring commercial software
• Expenses for the creation of software (e.g. by employees in the 
scientific service or by external companies)
• Expenses for long-term maintenance and archiving of software
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Scientific Software in Research
 The costs for software represent a significant proportion of the budgets 
of the national and international research! An estimated 5-10% of the total 
budgets are spent for software development and software procurement!
Image: Percentage of procurement costs for the HZDR 2016
Costs can be reduced by:
• Replacement of commercial 
software through open source 
solutions
• Avoid redundant "software 
development“
• Improve efficiency and quality 
of software development
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UtilizationPublicationDevelopment
Tasks in the Publication Process (Data & Software)
Licensing und policies
Incentives and metrics
Infrastructures
Quality assurance and documentation
Publication and utilization
Education and training
Data and software development Maintenance and further developm.
Libraries Data CentersPolitics & Management
Image: Provider, Phases and Tasks
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Organizational Structure at the HZDR 
HZDR        
Scientific        
Institutes       
external
Partner
Network
IT Infrastructure 
Software + Services 
Scientific Library
Network,
Private Cloud
Web Services
Data Storage
+ Management
Local
HPC
Experiments
Public Cloud
HPC
Computational Science
Image: Organizational Structure at HZDR
2015: Central Department of Information Services and Computing
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 The transition of the Classic Publications to Open Access 
publications is steadily progressing!
 Many academic libraries in Germany already provide data
services, „Data Librarians“ are already needed.
 In contrast to the publication of data, the publication 
of software is still at the beginning.
 The publishers are increasingly demanding the publication 
or referencing of the data and software used. 
-> Libraries are already faced with these questions! 
 Only when the scientists, libraries, and data centers work 
together that they can fulfill their tasks. 
-> A common language and understanding is needed!
 There must be common rules and processes for the 
handling of research data and software.
 Infrastructures for this can not be created in every library. 
-> National solutions have to be built (such as in the UK 
or in Australia)!
Publikation of Data and Software - a Library Service?
Images: 1: HZDR Library | 2. HZDR Ion Beam Measurement | 3. HZDR Supercomputer
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Thanks for your attention! 
Uwe Konrad
www.orcid.org/0000-0001-8167-9411
Helmholtz-Centre Dresden-Rossendorf
www.hzdr.de
